Building Blocks for the Phthalimide Route and the Biotinylated Analogue 24 (Scheme 3)
Alcohol S-1: A solution of LiBHEt 3 (1 M in THF, 55.2 mL, 55.2 mmol) was added dropwise at 78C to a solution of ester 11 (5 g, 16.7 mmol) 3 in THF (167 mL). The cooling bath was removed and the mixture was slowly warmed to room temperature.
The reaction was then cooled at 0C and quenched with aq. sat. NH 4 Cl (50 mL), the aqueous phase was extracted with EtOAc (3 × 10 mL), the combined organic layers were dried over MgSO 4 , filtered and evaporated to give a crude colorless oil. Purification by flash chromatography, eluting with hexanes/EtOAc (1:1 → 0:1), afforded alcohol S-1 as a white solid (4.5 g, quant.). 1 2, 147.0, 139.7, 134.5, 134.2, 133.4, 131.6, 125.5, 125.1, 124.8, 121.7, 83.0, 69.4, 48.5, 15.8, 15.0; IR (film) :  = 3327, 2911 , 2855 , 1675 , 1469 , 1434 , 1346 , 1288 , 1205 , 1127 , 1058 , 1002 MS (EI) : m/z (%): 273 (1, M + ), 255 (23), 222 (2), 196 (2) , 182 (1) , 163 (6) , 150 (18) , 133 (100), 106 (78), 91 (21), 77 (22); HRMS (ESI) m/z: calcd for C 16 H 19 NO 3 [M + +Na]:
296.12576, found: 296.12571. Aldehyde 12: MnO 2 (70 g, 824 mmol) was added to a solution of alcohol S-1 (4.5 g, 16.48 mmol) in CH 2 Cl 2 (200 mL) and the resulting suspension stirred for 18 h before it was filtered through a pad of Celite, which was carefully rinsed with CH 2 Cl 2 .
Evaporation of the combined filtrates followed by purification of the residue by flash chromatography (hexanes/EtOAc, 6:1 → 4:1) gave aldehyde 12 as a white solid (3.4 g, 75%). Recrystallisation from CH 2 Cl 2 /hexanes at 0C afforded colorless needles. M.p. = 150-152C (CH 2 Cl 2 /hexanes); 1 H NMR (CDCl 3 , 300 MHz): δ = 9.40 (s, 1H), 7.877.78 (m, 2H), 7.747.66 (m, 2H), 7 .01 (d, J = 11.5 Hz, 1H), 6.44 (d, J = 11.5 Hz, 1H) , 4.33 (s, 2H), 1.91 (s, 3H), 1.74 (s, 3H) ; 13 C NMR (CDCl 3 , 75.5 MHz): δ = 194.9, 167.9, 143.1, 142.5, 137.9, 134.2, 131.7, 123.4, 122.1, 45.0, 15.7, 9.4 ; IR (film):  = 1771 , 1708 , 1674 , 1633 , 1467 , 1420 , 1385 , 1332 , 1228 , 1177 , 1088 , 1009 MS (EI) : m/z (%): 269 (1, M + ), 251 (3) , 236 (2) , 160 (9), 148 (3), 130 (7) , 122 (19), 1.82 (s, 3H), 1.80 (s, 3H), 1.79 (s, 3H), 1.781.30 (m, 20H), 1.09 (d, J = 6.7 Hz, 3H), 0.95 (d, J = 6.8 Hz, 3H) ; 13 C NMR (150 MHz, CD 3 OD) :  = 176.6, 176.5, 169.6, 166.6, 147.6, 139.0, 137.8, 137.7, 135.1 134.9, 134.5, 134.3, 134.3, 133.5, 133.4, 132.7, 131.1, 129.7, 127.2, 127.2, 126.6, 121.9, 85.2, 81.7, 78.6, 72.2, 63.9, 62.1, 57.6, 57.5, 56.6, 48.1, 42.4, 41.6, 40.6, 39.7, 37.5, 37.3, 30.6, 30.3, 30.0, 28.1, 27.4, 27.3, 22.3, 21.4, 17.5, 15.6, 13.8, 12.7, 12.7; IR (film) :  = 2925, 2860, 1702, 1643, 1539, 1450, 1260, 1216, 1105, 988, 963 
Building Blocks for the Preparation of Analogues Differing in the Amino Acid Terminus (Scheme 4)
Compound 27b: A Schlenk tube was charged under Ar with anhydrous Et 4 NF (1.54 g, 10.3 mmol) and a solution of compound 26 (800 mg, 1.72 mmol) 3 in MeCN (17 mL).
The reaction mixture for stirred for 16 h at 40°C before the solvent was evaporated. The residue was diluted with EtOAc (5mL), the organic layer was washed with sat. aq. Na 2 CO 3 (5 mL), the aqueous phase was re-extracted with EtOAc (6 × 2 mL), the combined organic phases were washed with brine (5 mL) , dried (MgSO 4 ), filtered and evaporated to give the crude amine as a colorless oil (519 mg).
N-Formyl-L-alanine (112.4 mg, 0.96 mmol), HOBt (127 mg, 0.96 mmol), and N-methylmorpholine (176 L, 1.6 mmol) were added to a solution of this amine (259 mg, 0.8 mmol) in CH 2 Cl 2 (8 mL). The resulting mixture was cooled to 0°C before EDCHCl (230 mg, 1.2 mmol) was added and stirring continued at room temperature for 16 h. The reaction was quenched with HCl (0.1 M, 8 mL), the aqueous phase was extracted with EtOAc (3  2 mL), the combined organic layers were dried over MgSO 4 and evaporated. Purification of the residue by flash chromatography (EtOAc/MeOH, 1:0 → 50:1) gave compound 27b as a colorless oil (323 mg, 96%).   20 D  = +7.2 (c = 0.6, CH 2 Cl 2 ); 1 H NMR (400 MHz, CD 2 Cl 2 ):  8.12 (s, 1H), 6.52 (dd, J = 14.5, 8.3 Hz, 1H ), 6.35 (brs, 1H), 6.216.09 (m, 4H), 4.534.45 (m, 1H), 3.84 (brs, 2H), 3.77 (d, J = 7.9 Hz, 1H), 2.432.36 (m, 1H), 1.72 (s, 3H), 1.69 (s, 3H), 1.38 (d, J = 7 .0 Hz, 3H), 0.88 (d, J = 6.8 Hz, 3H); 13 C NMR (100 MHz, CD 2 Cl 2 ):  = 171.9, 161.1, 149.2, 138.0, 135.0, 123.1, 121.3, 81.4, 76.0, 48.1, 47.2, 44.9, 18.6, 16.5, 15.1, 12. 0; IR (film):  = 3295, 2972, 2926, 2870, 1651, 1530, 1450, 1380, 1242, 1009 Compound 27a: Prepared analogously as a colorless oil (103 mg, 98%).   20 D  = +37.5 (c = 1.0, CH 2 Cl 2 ); 1 H NMR (CD 2 Cl 2 , 300 MHz):  = 8.18 (s, 1H), 6.98 (brs, 1H), 6.68 (brs, 1H), 6.55 (dd, J = 14.4, 8.2 Hz, 1H), 6.196.09 (m, 3H) , 3.94 (d, J = 5.5 Hz, 2H), 3.86 (d, J = 5.8 Hz, 2H) , 3.78 (d, J = 7.9 Hz, 1H), 2.432.36 (m, 1H), 1.73 (s, 3H), 1.70 (s, 3H) , 0.89 (d, J = 6.9 Hz, 3H); 13 C NMR (CD 2 Cl 2 , 75 MHz):  = 168.9, 162.1, 149.2, 138.3, 134.8, 123.1, 121.6, 81.3, 75.9, 47.3, 44.7, 42.1, 16.5, 15.1, 12. 0; IR (film):  = 3299, 2962, 2927, 2870, 1656, 1536, 1384, 1242, 1008, 948 brine (50 mL), dried over MgSO 4 , filtered and evaporated, and the residue was purified by flash chromatography (hexanes/EtOAc, 10:1) to give diene 32 (E/Z = 7:1) as a bright yellow oil (1.67 g, 87%) . 1 H NMR (CDCl 3 , 300 MHz):  = 7.11 (d, J = 11.3 Hz, 1H ), 6.40 (dd, J = 14.2, 12.3 Hz, 1H) , 5.99 (td, J = 15.2, 5.9 Hz, 1H), 4.24 (d, J = 5.9 Hz, 2H), 3.69 (s, 3H), 1.87 (s, 3H), 1.44 (s, 18H) ; 13 C NMR (CDCl 3 , 75.5 MHz) :  = 168.7, 152.1, 137.4, 136.2, 127.1, 82.5, 51.7, 47.7, 28.0, 12.5; IR (neat) :  = 2980, 1748, 1708, 1434, 1366, 1341, 1222, 1136, 1101 Methyl N-(trimethylsilylethoxycarbonyl)-6-amino-2-methyl-hex-2,4-dienoate (S-2) : Trifluoroacetic acid (44 mL, 586 mmol) was added dropwise to a solution of compound 32 (5.2 g, 14. 63 mmol) in CH 2 Cl 2 (200 mL) at 0°C. The cooling bath was removed and stirring continued for 0.5 h. The solvents were evaporated and the resulting product was dried in high vacuum for 1 h. The residue was dissolved in CH 2 Cl 2 (50 mL), Et 3 N (14.2 mL, 102.2 mmol) and 4-nitrophenyl-2-trimethylsilylethyl-carbonate (5 g, 17.5 mmol) were added, and the resulting yellow solution was stirred for 24 h before the reaction was quenched with sat. aq. Na 2 CO 3 .
The aqueous phase was extracted with CH 2 Cl 2 , the combined organic phases were washed with brine, dried over Na 2 SO 4 , filtered and evaporated, and the crude product was purified by flash chromatography (hexanes/acetone, 20:1 → 10:1, buffered with 1% Et 3 N) to give compound S-2 as a pale yellow oil (3.39 g, 76%) . 1 = 168.9, 156.8, 138.0, 137.5, 127.6, 126.6, 63.4, 52.0, 43.0, 18.1, 12.8, 1.4 ; IR (neat):  = 3352, 2952, 1694, 1644, 1521, 1435, 1246, 1224, 1104, 834 cm 1 ; MS (ESI) m/z: 322.08 (M + +Na).
N-(Trimethylsilylethoxycarbonyl)-6-amino-2-methyl-hex-2,4-dien-1-ol (S-3):
Dibal-H (16.2 mL, 1 M in hexane) was added dropwise to a solution of compound S-2 (2.29 g, 7.35 mmol) in CH 2 Cl 2 (50 mL) at −78C. After stirring for 15 min at that temperature, the cooling bath was removed and the reaction was quenched with EtOAc (1 mL) and an aqueous solution of Rochelle salt (1 M, 20 mL) . After stirring at room temperature for 2 h, the aqueous phase was extracted with EtOAc (2 × 5 mL), the combined organic phases were dried over MgSO 4 and evaporated, and the residue was purified by flash chromatography (hexanes/EtOAc, 4:1 → 2:1) to give S-3 as a colorless oil (1.85 g, 92%). 1 = 156.9, 138.3, 129.7, 127.7, 123.6, 68.2, 63.3, 43.2, 18.0, 14.2, 1.4; IR (neat) :  = 3332, 2953, 1692, 1517, 1424, 1248, 1177, 1061, 954, 834 Compound S-4: MnO 2 (35 g, 409 mmol) was added to a solution of alcohol S-3 (1.85 g, 6. 82 mmol) in CH 2 Cl 2 (60 mL) and the resulting suspension was stirred for 2 h. Insoluble residues were filtered off through a pad of Celite, which was carefully rinsed with CH 2 Cl 2 . The combined filtrates were evaporated to give the corresponding crude aldehyde 33 as a colorless oil, which was used immediately in the next step. PPh 3 (70.7 mg, 0.27 mmol) was added to a solution of Pd(OAc) 2 (60.5 mg, 0.27 mmol) in THF (44 mL) at 78C before compound 13 (2 g, 6.5 mmol) and a solution of the crude aldehyde in THF (10 mL) were added. A solution of ZnEt 2 (1.0 M in hexanes, 16.2 mL) was then slowly introduced and the resulting mixture stirred at that temperature for 30 min before it was warmed to -20C over a period of 1 h. Stirring was continued overnight at -20°C before the reaction was carefully quenched with aq.
sat. NH 4 Cl (20 mL) and H 2 O (20 mL). The resulting suspension was filtered, the aqueous phase extracted with EtOAc (2× 10 mL), the combined organic layers were dried over MgSO 4 , filtered and evaporated, and the residue purified by flash chromatography (hexanes/EtOAc, 10:1) to give product S-4 as a colorless oil (1.62 = 156.8, 137.6, 130.5, 127.4, 126.6, 110.1, 83.7, 80.5, 63.3, 43.2, 33.2, 18.8, 18.1, 18.1, 12.4, 11.6, 1.4; IR (neat): 3335, 2943 IR (neat): 3335, , 2863 IR (neat): 3335, , 2161 IR (neat): 3335, , 1697 IR (neat): 3335, , 1513 IR (neat): 3335, , 1462 IR (neat): 3335, , 1249 IR (neat): 3335, , 1036 = 156.8, 137.4, 130.9, 127.2, 126.9, 86.1, 80.6, 70.9, 63.3, 43.1, 31.7, 18.0, 17.8, 12.1, 1.4; IR (neat) :  = 3309, 2953, 1694, 1517, 1452, 1248, 1058, 965, 858, 836 Compound 36: nBuLi (1.6 M in hexane, 0.7 mL, 1.12 mmol) was added to a solution of (Bu 3 Sn) 2 (0.65 g, 1.12 mmol) in THF (1 mL) at 78C and the resulting mixture was stirred at 40C for 20 min. The resulting bright yellow solution was cooled to 78C before CuCN (99.6 mg, 1.12 mmol) was added as a solid. The cooling bath was removed and stirring was continued until all solid materials had dissolved to give a bright yellow homogeneous solution. The resulting lower-order cyanocuprate was stirred at room temperature for 1 h before a solution of alkyne 34 (90 mg, 0.28 mmol) in THF (2 mL) was introduced. After 10 min, the reaction was quenched with MeOH (2 mL) and diluted with a sat. aq. NH 4 Cl (10 mL). After stirring at room temperature, the resulting blue aqueous phase was extracted with tert-butyl methyl ether (3 × 2 mL), the combined extracts were dried over MgSO 4 , filtered and evaporated, and the residue was purified by flash chromatography (hexanes/EtOAc, 1:0 MHz):  = 156.8, 149.0, 138.3, 130.7, 127.3, 126.8, 80.9, 76.0, 63.3, 44.8, 43.1, 18.0, 16.7, 12.1, 1.4; IR (neat):  = 3353, 2955, 1698, 1521, 1249, 1060, 964, 859, 837 
Building Blocks for the Preparation of Analogue 51 with the Flexible Spacer (Scheme 6)
Compound 42: Et 3 N (4 mL, 28.5 mmol) and 4-nitrophenyl-2-trimethylsilylethyl carbonate (3.1 g, 10.9 mmol) were added to a solution of compound 41 (1.45 g, 7. 98 mmol) in CH 2 Cl 2 (50 mL) and the resulting yellow solution was stirred for 20 h. For work up, the mixture was extracted with aq. sat. Na 2 CO 3 to remove the nitrophenol before it was washed with brine. The organic layer was dried over Na 2 SO 4 and evaporated and the residue purified by flash chromatography (hexane/EtOAc, 4:1) to give compound 42 as a pale yellow oil (2.24 g, 96%). 1 2, 157.0, 63.0, 51.6, 41.0, 34.2, 30.1, 26.6, 24.9, 18.1, -1.4 ; IR (film):  = 3343, 2951, 1696, 1526, 1437, 1247, 1167, 1059, 945, 858, 834, 768 Compound 43: Dibal-H (5.9 mL, 1 M in hexane) was slowly added to a solution of compound 42 (1.57 g, 5.4 mmol) in CH 2 Cl 2 (45 mL) at -78°C and stirring was continued at this temperature for 1 h once the addition was complete. The reaction was then quenched with EtOAc (5 mL) followed by a sat. aq. solution of Rochelle salt (20 mL). After stirring for 1 h, the mixture was partitioned between EtOAc and brine, the combined organic layers were dried over Na 2 SO 4 and evaporated, and the residue was purified by flash chromatography (hexane/EtOAc, 4:1) to give aldehyde 43 (1.01 g, 72%) along with recovered 42 (0.2 g). 1 = 202.7, 157.0, 62.9, 44.0, 40.9, 30.2, 26.6, 22.0, 18.0, -1.5 ; IR (film):  = 3349, 2950, 1737, 1725, 1528, 1421, 1365, 1247, 1230, 1216, 1039, 857, 833, 769, 693 156.8, 85.2, 73.9, 70.9, 62.8, 40.8, 34.9, 32.9, 30.0, 26.6, 25.4, 17.8, 17.3, -1.5 ; IR (film):  = 3311, 2937, 1692, 1526, 1248, 1137, 1042, 857, 834, 768, 693 Compound 46: DMAP (10 mg, 0.08 mmol) and pivaloyl chloride (0.5 mL, 4.06 mmol) were added to a solution of compound 45 (298 mg, 0.95 mmol) in pyridine (5 mL) at 0°C.
The mixture was stirred at ambient temperature for 20 h before it was partitioned between aq. sat. Na 2 CO 3 and EtOAc. The combined organic layers were washed with brine, dried over Na 2 SO 4 , and evaporated, and the residue was purified by flash chromatography (hexane/EtOAc, 10:1) to give product 46 as a colorless oil (317 mg, 84%, dr > 156.8, 84.6, 74.4, 70.0, 62.8, 40.7, 38.9, 31.4, 30.1, 29.9, 27.2, 26.4, 25.1, 17.8, 16.6, -1.5 ; IR (film):  = 3314, 2952, 1723, 1525, 1248, 1158, 1043, 858, 835, 693 
Compound S-5:
A solution of compound 46 (218 mg, 0.548 mmol) in THF (5 mL) was added to a solution of Cp 2 Zr(H)Cl (210 mg, 0.81 mmol) in THF (5 mL) in the dark. The mixture was stirred for 45 min before it was cooled to 0°C and a solution of iodine (200 mg, 0.79 mmol) in THF (5 mL) was added. After 5 min the reaction was quenched with aq. sat. Na 2 S 2 O 3 . After stirring for 10 min, the mixture was partitioned between EtOAc and brine, the combined organic layers were dried over Na 2 SO 4 and evaporated, and = 177.9, 156.7, 147.3, 75.9, 75.1, 62.8, 44.6, 40.6, 38.9, 31.7, 29.9, 27.2, 26.4, 24.9, 17.7, 16.1, -1.5 ; IR (film):  = 3352, 2970, 2951, 1725, 1365, 1230, 1217, 1158, 858, 835, 766, 693 1, 148.7, 75.8, 74.6, 63.0, 47.0, 41.1, 34.9, 30.5, 26.9, 25.7, 18.1, 16.3, -1.4 ; IR (film):  = 3336, 2932, 1692, 1522, 1248, 1058, 949, 857, 835, 693 was partitioned between EtOAc and aq. sat. Na 2 CO 3 , the combined organic layers were washed with brine, dried over Na 2 SO 4 , and evaporated. The resulting free amine was dissolved in CH 2 Cl 2 (5 mL), O-TBS-N-formyl-L-serine (42 mg, 0.17 mmol), 3 HOBt (24 mg, 0.18 mmol), and N-methylmorpholine (0.055 mL, 0.5 mmol) were added, and the resulting solution was cooled to 0°C before EDC·HCl (44 mg, 0.22 mmol) was introduced. The mixture was stirred for 20 h at ambient temperature before it was partitioned between EtOAc and brine. The combined organic layers were dried over Na 2 SO 4 and evaporated, and the residue was purified by flash chromatography (hexane/EtOAc, 1:1) to give product 48 as a colorless syrup (66 mg, 74%, dr > 10:1).   20 D  = +4.6 (c = 1.05, CH 2 Cl 2 ); 1 H NMR (400 MHz, CD 2 Cl 2 ):  = 8.21 (s, 1H), 6.69 (d, J = 6.1 Hz, 1H), 6 .53 (m, 2H), 6.08 (dd, J = 14.4, 0.8 Hz, 1H), 4.41 (m, 1H), 3.99 (dd, J = 9.7, 3.9 Hz, 1H), 3.62 (dd, J = 9.7, 7.5 Hz, 1H), 3.39 (m, 1H), 3.25 (m, 2H), 2.24 (m, 1H), 1.99 (bs, 1H), 1.55-1.28 (m, 8H), 1.03 (d, J = 6.9 Hz, 3H), 0.91 (s, 9H), 0.10 (s, 3H). 0.09 (s, 3H); 13 C NMR (100 MHz, CD 2 Cl 2 ):  = 169.8, 161.3, 148.7, 75.8, 74.6, 63.3, 53.5, 47.1, 39.8, 34.9, 29.8, 27.1, 26.0, 25.7, 18.4, 16.3, -5.3, -5.4 ; IR (film):  = 3307, 2930, 2857, 1650, 1550, 1463, 1378, 1257, 1102, 990, 836, 778 = 156.8, 142.0, 132.2, 130.5, 129.8, 129.0, 122.7, 63.2, 42.2, 36.2, 18 .0, -1.5; IR (film):  = 3336, 2952, 1692, 1518, 1247, 1060, 857, 835, 777, 694 and stirring continued for another 15 min before dry DMF (776 µL, 10.0 mmol) was added. After 1h at -78°C, the mixture was allowed to reach room temperature over 30 min before the reaction was carefully quenched with sat. aq. NH 4 Cl. The aqueous layer was extracted with EtOAc, the combined extracts were washed with brine, dried over MgSO 4 and evaporated, and the residue was purified by flash chromatography (0-33% EtOAc in hexanes) to give compound 54 as a colorless syrup (1.12 g, 95%). 1 = 192.6, 156.8, 140.7, 137.2, 135.3, 130.0, 129.6, 128.3, 63.2, 42.2, 36.3, 18 .0, -1.5; IR (film):  = 3341, 2952, 1694, 1524, 1248, 1142, 1060, 859, 837, 693 (38 mg, 0.15 mmol) were added to a solution of mesylate 13 (1.43 g, 4.7 mmol) in THF (29 mL) at -78°C. After stirring for 5 min, a solution of aldehyde 54 (861 mg, 2.9 mmol) in THF (10 mL) was introduced, followed by the dropwise addition of ZnEt 2 (1 M in hexane, 8.8 mL). After stirring for 30 min, the solution was warmed up to -20°C and stirring continued overnight at this temperature. The reaction was carefully quenched with aq. sat. NH 4 Cl and allowed to reach ambient temperature, the aqueous phase was extracted with Et 2 O, the combined extracts were washed with brine, dried over MgSO 4 and evaporated.
Purification of the residue by flash chromatography (pentanes/Et 2 O, 60:1 → 2:1) afforded a separable 1:1 mixture of compound 55 as a colorless oil (1.19 g, 80%) . anti-S-6 (561 mg) 6 156.8, 141.9, 139.0, 128.6, 128.4, 127.2, 125.1, 109.5, 84.4, 77.4, 63.1, 42.2, 36.9, 36.4, 18.8, 17.9, 17.8, 11.3, -1.3 ; IR (film):  = 3352, 2943, 2891, 2865, 2162, 1697, 1519, 1463, 1250, 1060, 1039, 859, 837, 676 = 156.9, 142.5, 139.4, 128.7, 128.6, 127.4, 125.0, 85.9, 77.3, 71.4, 63.1, 42.4, 36.5, 35.3, 18.0, 17.6, -1.4 ; IR (film):  = 3422, 3311, 2953, 2896, 1699, 1519, 1250, 1057, 859, = 177.4, 156.9, 139.5, 139.3, 128.9, 128.8, 127.6, 125.2, 85.1, 77.3, 70.8, 63.1, 42.4, 39.2, 36.5, 32.9, 27.3, 18.1, 17.5, -1.4 ; IR (film):  = 3311, 2956, 2901, 1723, 1523, 1479, 1279, 1250, 1152, 1059, 1034, 859, 838 3, 156.8, 147.7, 139.9, 128.8, 128.8, 127.5, 125.2, 78.1, 76.6, 66.0, 47.1, 42.5, 39.1, 36.6, 27.3, 18.1, 16.3, 15.5, -1.4 ; IR (film):  = 3336, 2955, 2902, 1723, 1521, 1279, 1250, 1152, 1059, 979, 946, 859, 837 Hz, 3H), 0.03 (s, 9H); 13 C NMR (100 MHz, CD 2 Cl 2 ):  = 156.9, 148.7, 143.2, 139.6, 128.8, 128.6, 127.4, 125.1, 77.8, 76.4, 63.1, 48.8, 42.5, 36.6, 18.1, 16.3, -1.4 ; IR (film):  = 3357, 2953, 2896, 1694, 1519, 1249, 1060, 949, 859, 837 6, 161.4, 148.8, 143.4, 139.3, 128.7, 128.3, 127.7, 125.3, 77.7, 76.2, 63.0, 53.6, 48.5, 41.2, 35.9, 25.9, 18.4, 16.3, -5.4, -5.5 ; IR (film):  = 3309, 2954, 2928, 2857, 1647, 1533, 1383, 1253, 1107, 953, 835, 777, 707 methyl hex-5-ynoate 62 (31.5 mg, 0.25 mmol) was added neat and stirring was continued for 15 min. MeOH (0.2 mL) was then added, followed by sat. aq. NH 4 Cl (5 mL). The aqueous phase was extracted with tert-butyl methyl ether (2 mL), the combined organic layers were washed with brine (2 mL), dried (MgSO 4 ), filtered and evaporated.
A solution of ICl (76.2 mg, 0.469 mmol) in CH 2 Cl 2 (5 mL) was added dropwise at 0°C to a solution of the crude alkenyl silane thus obtained in CH 2 Cl 2 (2 mL). The reaction was quenched with sat. aq. Na 2 S 2 O 3 (2 mL), the aqueous phase was extracted with CH 2 Cl 2 (2 mL), the combined organic phases were washed with brine (2 mL), dried (MgSO 4 ), filtered and evaporated, and the residue was purified by flash chromatography (pentane/Et 2 O, 1:0 → 95:5) to give iodide 63 as a colorless oil (57 mg, 90%). (S)-Methyl 9-methoxy-7-methyldodeca-5,7,11-trienoate (S-9): A 10 mL Schlenk tube was charged with alkenyl stannane 64 (133 mg, 0.319 mmol), 3 (2 mL), and the resulting suspension was filtered through a pad of Celite, which was carefully rinsed with EtOAc (20 mL). The aqueous phase was extracted with EtOAc (2 × 1 mL), the combined organic layers were washed with H 2 O (3 × 5 mL), brine (5 mL 5, 137.4, 135.7, 135.6, 131.4, 129.4, 117.1, 77.5, 56.3, 52.0, 40.8, 34.1, 32.9, 25.4, 13.6 ; IR (film):  = 2933, 2818, 1737, 1641, 1436, 1242, 1193, 1152, 1092, 964, 914 1, 136.6, 135.3, 134.5, 130.6, 128.2, 116.8, 76.9, 55.9, 40.0, 33.3, 32.0, 24.4, 13.1; IR (film) :  = 3077, 2980, 2932, 1737, 1708, 1440, 1414, 1238, 1093, 965, 915 0°C and the resulting suspension was stirred at ambient temperature for 20 min before a solution of compound 69 (1.41 g, 9. 9 mmol, containing 5% of the Z-isomer) 7 in MeCN (10 mL) was added dropwise at 0°C. After stirring overnight at ambient temperature, the mixture was partitioned between brine and EtOAc, the combined organic layers were dried over Na 2 SO 4 and evaporated, and the residue was purified by flash chromatography (hexanes/EtOAc, 1:1) to give product 70 as a colorless syrup (1.906 g, 85%, containing 5% of inseparable (7Z)-isomer). 1 2, 141.8, 138.7, 127.9, 124.0, 60.3, 59.1, 39.1, 28.1, 26.4, 16.0, 14.2, 12.2; IR (film) :  = 3420, 2923, 1706, 1647, 1445, 1367, 1255, 1174, 1122, 1080, Compound 71: MnO 2 (1.5 g, 17 mmol) was added to a solution of compound 70 (163 mg, 0.72 mmol) in CH 2 Cl 2 (15 mL) and the resulting mixture was stirred for 15 h before it was filtered through a pad of Celite. The filtrate was evaporated and the resulting aldehyde was directly used in the next step (148 mg, 92%).
Allylmagnesium bromide (1 M in Et 2 O, 1.25 mL) was added over 30 min to a solution of (-)-Ipc 2 BOMe (410 mg, 1.29 mmol) in Et 2 O (1 mL) at 0°C. Stirring was continued for 30 min at 0°C and for 1 h at ambient temperature. The resulting salts were filtered off under Ar through a pad of Celite and the filtrate was cooled to -78°C before a solution of the crude aldehyde (148 mg, 0.66 mmol) in Et 2 O (1 mL) was added dropwise over the course of 30 min. After stirring at -78°C for 2 h, the mixture was allowed to reach ambient temperature before the reaction was quenched with a mixture of H 2 O 2 (0.5 mL, 30% w/w) and NaOH (3 M, 1.2 mL). The resulting mixture was stirred at reflux temperature for 1h and at ambient temperature for another 14 h before it was partitioned between EtOAc and brine.
The combined organic layers were dried over Na 2 SO 4 and evaporated, and the residue was purified by flash chromatography (hexanes/EtOAc, 4:1) to give the corresponding homoallylic alcohol which was contaminated with by-products derived from the IPC-borane reagent.
This material was added to a mixture of Meerwein salt (130 mg, 0.875 mmol) and proton sponge (217 mg, 1 mmol) in CH 2 Cl 2 (5 mL) at 0°C. The cooling bath was removed and the mixture allowed to stir at ambient temperature for 3 h. After filtration through a pad of Celite, a standard extractive work up followed by purification of the residue by flash chromatography (hexanes/EtOAc, 10:1) afforded compound 71 as a colorless oil (50 mg, 27% over 2 steps, containing 5% of the corresponding (7Z)-isomer). Isomerically pure E-71 was obtained by preparative HPLC, which 2, 141.7, 139.1, 134.7, 128.0, 125.8, 116.6, 76.9, 60.3, 55.6, 40.1, 39.2, 28.1, 26.6, 16.6, 14.2, 12.3 ; IR (film):  = 2980, 2934, 1709, 1648, 1446, 1367, 1257, 1174, 1094, 913 173.5, 145.3, 139.5, 135.5, 127.5, 126.4, 116.6, 77.2, 55.7, 40.5, 39.6, 28.7, 26.9, 16.7, 12.2; IR (film) : 2931, 1684, 1641, 1421, 1284, 1092, 961, 913 5, 141.9, 128.2, 84.5, 68.6, 51.4, 29.0, 28.7, 20.8, 18.4 ; IR (film):  = 2951, 1714, 1647, 1455, 1434, 1367, 1240, 1194, 1124 2, 127.2, 84.7, 68.7, 61.5, 28.9, 26.6, 21.4, 17.9 (2Z,7E)-2-Methyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)octa-2,7-dien-1-ol (77) : To a solution of S-10 (300 mg, 2.17 mmol) in THF (4 mL) was added pinacol borane (1 mL, 6.52 mmol) and 9BBN (52.6 mg, 0.217 mmol). The mixture was stirred for 12 h before the reaction was quenched with sat. aq. NH 4 Cl (10 mL). The aqueous phase was extracted with tert-butyl methyl ether ( M in hexanes, 0.9 mL, 1.46 mmol) was added dropwise to a suspension of methyltriphenylphosphonium bromide (569 mg, 1.6 mmol) in THF (3 mL) at −78C. The resulting mixture was allowed to reach ambient temperature.
After stirring for 30 min, the orange solution was cooled again to −78°C before a solution of aldehyde 77 (352 mg, 1.33 mmol) in THF (3 mL) was slowly added. The mixture was warmed to ambient temperature over the course of 1 h before the reaction was quenched with sat. aq. NH 4 Cl (5 mL = 154.4, 134.1, 132.9, 131.3, 113.4, 83.3, 35.7, 28.9, 27.2, 24.9, 19.8 ; IR (film):  = 2983, 2930, 1650, 1472, 1331, 1130, 1109, 851 7, 114.4, 106.9, 89.3, 62.8, 37.5, 33.6, 28.4, 24.6, - (83): nBuLi (1.6 M in hexane, 1.9 mL, 3.08 mmol) was added dropwise to a solution of alcohol S-12 (648 mg, 3.08 mmol) in THF (11 mL) at 78°C. The resulting mixture was stirred for 10 min at 78°C before MeI (1.5 mL, 24.6 mmol) was introduced. The temperature was then raised to 25°C before DMSO (0.75 mL) was slowly added to give a white suspension. After stirring for 1h at that temperature, the cooling bath was removed and stirring continued at room temperature for 12h. The reaction was quenched with ice water and aq. sat. NH 4 Cl (1:1, 10 mL), the aqueous phase was extracted with Et 2 O (2 × 5 mL), the combined organic layers were washed with brine (10 mL), dried over Na 2 SO 4 , filtered and evaporated to give product S-13 as a colorless oil (690 mg, quant.). = 139.4, 114.5, 105.3, 90.6, 71.9, 56.4, 35.7, 34 114.5, 83.2, 73.8, 71.3, 56.5, 35.8, 34.0, 29.0, 25 in 1,4-dioxane/water (19/5 mL) were sequentially added 2,6-lutidine (0.65 mL, 5.71 mmol), OsO 4 (0.715 mL, 0.057 mmol, 2.5% w/w in tBuOH) and NaIO 4 (2.44 g, 11.42 mmol) . The resulting heterogeneous mixture was vigorously stirred for 1.5 h before it was diluted with water. The aqueous phase was extracted with Et 2 O (3 × 10 mL), the combined organic layers were washed with HCl (1 M, 2 × 10 mL), aq. Na 2 S 2 O 3 (10% w/w, 10 mL) and brine (10 mL), dried over MgSO 4 , and carefully evaporated to give a pink oil (914 mg).
(S)-(3-Methoxynon-8-en-1-ynyl)trimethylsilane
This crude aldehyde was dissolved in MeOH (20 mL) and treated with NaBH 4 (130 mg, 3.42 mmol) at 0 o C. After 30 min, the mixture was diluted with sat. aq. NaHCO 3 (10 mL) and extracted with tert-butyl methyl ether ( 2, 90.6, 71.9, 63.0, 56.4, 35.8, 33.1, 25.9, 25.4, 0. 2936, 2862, 2168, 1464, 1333, 1249, 1087, 1006, 838, 759 (S)-6-Methoxyoct-7-yn-1-ol (84): A solution of TBAF (1 M in THF, 1.9 mL, 1.9 mmol) was added dropwise to a solution of alcohol S-14 (427 mg, 1.87 mmol) in THF (7 mL) at 0°C.
The resulting mixture was stirred for 30 min at 0°C before the reaction was quenched with H 2 O (10 mL). The mixture was extracted with Et 2 O (3 × 5 mL), the combinated extracts were washed with brine (10 mL), dried over Na 2 SO 4 , filtered and evaporated, and the residue was 2, 73.8, 71.3, 62.9, 56.5, 35.8, 33.1, 25.8, 25.3; IR (film) :  = 3291, 2935, 2862, 1463, 1335, 1081, 1055, 998 = 202.8, 153.3, 83.7, 83.6, 56.7, 44.2, 35.1, 25.2, 25.0, 25.0, 22.4 ; IR (film): 2979, 2935, 2822, 1724, 1640, 1462, 1390, 1361, 1322, 1271, 1214, 1143, 1107; 1087; 1000; 969; 848 Methoxynona-1,8-dienyl)-4,4,5,5-tetramethyl-1,3,2 6, 139.5, 114.3, 83.9, 83.5, 56.7, 35.2, 34.1, 29.3, 25.2; IR (film) :  = 2978, 2932, 2859, 1641, 1464, 1362, 1333, 1145, 1105, 998, 970, 849 
(S,E)-2-(3-

Stille Coupling Reactions
Compound 19: A Schlenk tube was charged with stannane 18 (222 mg, 0.486 mmol), 3 2, 138.2, 136.4, 134.0, 133.7, 132.7, 132.7, 132.4, 132.0, 131.1, 130.4, 123.3, 123.1, 113.3, 81.8, 81.2, 56.1, 45.3, 41.1, 35.5, 23.2, 19.7, 17.0, 15.1, 11.8; IR (film) :  = 3469, 2927, 1771, 1709, 1388, 1424, 1387, 1330, 1088, 990, 939, 906, 725, 712 = 171.9, 160.8, 138.7, 137.0, 134.2, 133.1, 132.9, 131.0, 130.9, 128.3, 122.8, 121.5, 113.5, 82.0, 81.5, 56.1, 47.7, 47.0, 41.2, 36.3, 23.7, 20.0, 18.6, 17.2, 14.9, 12.1; IR (film) :  = 3300, 2972, 2927, 2870, 1652, 1533, 1446, 1380, 1239, 1097, 991 6, 161.1, 138.6, 137.0, 136.9, 134.3, 134.2, 133.2, 133.0, 132.8, 131.4, 131.0, 129.7 (x 2) , 129.0 (x 2), 127.4, 123. 1, 122.0, 113.5, 82.1, 81.6, 56.3, 47.4, 41.5, 41.5, 38.6, 36.0, 23.6, 19.9, 17.3, 15.1, 11.9 ; IR (film):  = 3300, 2925, 2850, 1661, 1534, 1455, 1379, 1089, 993, 700 170.9, 161.3, 138.6, 137.0, 134.4, 134.2, 133.2, 133.0, 132.8, 131.4, 131.0, 123.1, 121.8, 113.5, 82.1, 81.6, 56.3, 51.3, 47.3, 41.5, 36.0, 32.1, 30.5, 23.6, 19.9, 17.3, 15.4, 15.2, 12. 0; IR (film):  = 3275, 2925, 2850, 1660, 1534, 1451, 1380, 1092, 993 3, 167.2, 137.8, 136.3, 133.9, 133.7, 133.7, 132.9, 132.7, 132.3, 131.9, 131.3, 130.4, 128.6, 127.1, 123.1, 121.9, 113.3, 81.9, 81.2, 62.7, 56.2, 54.4, 47.3, 41.2, 35.5, 25.8, 23.2, 19.7, 18.1, 17.0, 15.0, 11.7, -5.4, -5.6 ; IR (film):  = 3336, 2931, 2858, 1648, 1513, 1483, 1362, 1264, 1102, 993, 837 6, 161.2, 139.2, 136.7, 134.1, 133.2, 133.0, 132.7, 131.4, 131.0, 129.0, 128.5, 126.6, 113.4, 81.6, 81.5, 63.1, 56.3, 53.4, 41.8, 41.5, 36.0, 25.9, 23.6, 19.9, 18.4, 17.2, 12.0, 5.4, 5.5 ; IR (film):  = 3287, 2929, 2857, 1652, 1543, 1465, 1379, 1257, 1104, 838, 780 
Suzuki Coupling Reactions
Compound 79: Pd(dppf)Cl 2 (7.9 mg, 0.0108 mmol) and Ba(OH) 2 (H 2 O) 8 (34 mg, 0.108 mmol) were added to a solution of alcohol 27 (R 1 = H, R 2 = CH 2 OTBS, 40 mg, 0.072 mmol) and boronate 78 (22.9 mg, 0.087 mmol) in DMF (0.25 mL). The mixture was vigorously stirred for 1 h before it was diluted with ice water (2 mL). The aqueous phase was extracted with EtOAc (3 × 2 mL), the combined organic layers were washed with brine (5 mL), dried over MgSO 4 and evaporated to give a crude brown solid. Purification by flash chromatography (hexanes/acetone, 3:1) furnished compound 79 as a colorless syrup (23.7 mg, 59%).   20 D  = +20.4 (c = 1.0, CH 2 Cl 2 ). 1 H NMR (CD 2 Cl 2 , 400 MHz):  = 8.22 (s, 1H), 6.77 (dd, J = 1.0, 17.1 Hz, 1H), 6.506.65 (m, 2H), 5.996.15 (m, 2H), 5.64 (td, J = 7.1, 14.6 Hz, 1H), 5.48 (dd, J = 8.3, 14.9 Hz, 1H), 5.40 (t, J = 7.7 Hz, 1H), 5.19 (d, J = 17.1 Hz, 1H), 5.06 (td J = 1.5, 10.8 Hz, 1H), 4.44 (dt, J = 4.0, 7.3 Hz, 1H), 4.04 (dd, J = 4.0, 9.8 Hz, 1H) = 169.8, 161.2, 138.6, 134.3, 134.1, 133.8, 132.8, 132.5, 131.3, 130.7, 123.0, 122.2, 113.4, 82.1, 63.1, 53.4, 47.5, 41.6, 32.5, 29.8, 27.2, 26.0, 25.0, 19.9, 18.4, 17.4, 15.1, 11.9, 5.4, 5.5; IR (film) :  = 3298, 2928, 2857, 1651, 1540, 1463, 1380, 1257, 1111, 988, 837 (brs, 1H), 6.19-6.08 (m, 2H), 5.64 (dd, J = 14.6, 8.3 Hz, 1H), 5.44 (dd, J = 14.6, 9.9 Hz, 1H), 5.38 (t, J = 8.5 Hz, 1H), 5.19 (dd, J = 17.4, 1.5 Hz, 1H), 5.07 (dt, J = 10.8, 1.6 Hz, 1H), 4.38 (td, J = 7.6, 3.9 Hz, 1H) , 4.01 (dd, J = 9.8, 3.9 Hz, 1H), 3.59 (dd, J = 9.8, 7.7 Hz, 1H), 3.52 (m, 1H), 1H), 2H) 1, 161.5, 136.8, 134.5, 133.4, 133.3, 133.3, 131.5, 131.4, 113.8, 82.0, 75.6, 63.6, 56.6, 53.8, 43.9, 40.2, 36.4, 35.1, 30.3, 27.6, 26.3, 26.1, 24.0, 20.2, 18.8, 17.2, IR (film) :  = 3297, 2929, 2857, 1648, 1543, 1463, 1379, 1252, 1100, 989, 939, 900, 835, 777 cm -1 .78 (dd, J = 10.9, 6.5 Hz, 1H), 6.50 (brd, J = 6.8 Hz, 1H), 6.37 (brt, J = 5.0 Hz, 1H), 2H), 1H), 1H), 1H), 5.19 (d, J = 17.3 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H), 2H) 6, 161.3, 143.7, 139.2, 136.7, 134.2, 133.2, 133.0, 132.8, 131.5, 131.0, 128.7, 128.2, 127.7, 125.6, 113.5, 81.6, 78.5, 63.0, 56.3, 53.5, 45.4, 41.2, 36.0, 25.9, 23.6, 19.9, 18. = 163.8, 161.2, 139.5, 138.5, 136.8, 134.5, 133.6, 132.5, 131.5, 123.1, 122.2, 114.3, 82.4, 82.1, 63.1, 56.2, 53.4, 47.5, 41.5, 35.9, 34.1, 29.3, 25.9, 25.2, 18.4, 17.3, 15.1, 11.9, 5.4, 5.5; IR (film) :  = 3291, 2927, 2852, 1653, 1538, 1461, 1382, 1255, 1108, 987, 839 = 168.4, 167.4, 145.1, 136.8, 136.2, 135.3, 135.2, 134.4, 134.1, 133.7, 133.5, 133.1, 133.0, 132.7, 132.5, 132.0, 131.9, 131.0, 130.7, 127.2, 124.2, 123.5, 122.6, 116.8, 113.4, 82.9, 81.6, 77.1, 56.1, 56.0, 45.5, 40.4, 39.9, 36.7, 36.0, 23.6, 20.5, 19.9, 17.0, 15.3, 13.2, 12.9, 12.6; IR (film) :  = 2972, 2929, 1772, 1717, 1388, 1330, 1099, 990 3, 144.9, 136.0, 135.6, 135.0, 134.2, 134.0, 133.1, 132.9, 131.4, 131.0, 131.0, 130.9, 127.4, 116.9, 113.5, 81.4, 77.2, 56.0, 55.9, 47.6, 47.6, 40.6, 40.0, 35.2, 23.7, 20.5, 20.0, 18.5, 17.1, 14.9, 13.1, 12.8, 12.8, 12.6; IR (film) :  = 3296, 2972, 2931, 1660, 1532, 1451, 1378, 1231, 1098, 991, 968 = 168.4, 167.5, 161.6, 145.2, 136.8, 136.2, 135.3, 135.1, 135.0, 134.1, 133.7, 133.1, 133.0, 132.7, 131.9, 131.9, 131.0, 130.7, 127.2, 124.1, 121.5, 116.8, 113.5, 83.0, 81.6, 77.2, 56.1, 56.0, 47.3, 42.1, 40.4, 39.9, 36.6, 36.0, 23.6, 20.5, 19.9, 17.0, 15.2, 13.2, 12.8, 12.6 ; IR (film):  = 3316, 2962, 2928, 1694, 1663, 1542, 1448, 1383, 1260, 1097, 1016, 988, 800 170.4, 167.5, 161.0, 145.1, 136.9, 136.8, 136.2, 135.2, 135.2, 135.0, 134.1, 133.7, 133.1, 133.0, 132.7, 132.0, 131.9, 131.0, 130.7, 129.7, 129.0, 127.4, 127.2, 124.2, 121.7, 116.8, 113.4, 83.0, 81.6, 77.2, 56.2, 56.0, 53.7, 47.4, 40.4, 39.9, 38.6, 36.6, 36.0, 23.6, 20.5, 19.9, 17.0, 15.2, 13.2, 12.8, 12.6 ; IR (film):  = 3291, 2925, 2855, 1651, 1496, 1443, 1380, 1261, 1238, 1095, 990, 966, 801, 736 7, 167.5, 161.1, 145.1, 136.8, 136.2, 135.2, 135.2, 135.0, 134.1, 133.7, 133.1, 133.0, 132.9, 132.0, 131.9, 131.0, 130.7, 127.2, 124.2, 121.5, 116.8, 113.4, 83.0, 81.6, 77.2, 56.1, 56.0, 51.3, 47.3, 40.4, 39.9, 36.6, 36.0, 32.0, 30.5, 23.6, 20.5, 19.9, 17.0, 15.4, 15.2, 13.2, 12.8, 12.6 ; IR (film):  = 3275, 2967, 2925, 1706, 1655, 1539, 1448, 1378, 1216, 1097, 988, 966 2, 167.2, 144.9, 136.4, 135.9, 134.6, 134.4, 133.7, 133.7, 133.4, 132.9, 132.7, 132.3, 132.1, 131.9, 131.5, 131.4, 130.4, 130.2, 128.6, 127.1, 126 2, 20.3, 19.7, 18.0, 16.8, 15.1, 13.1, 12.6, 12.5, 5.4, 5.6 ; IR (film):  = 2927, 2857, 1710, 1638, 1535, 1450, 1254, 1099, 989, 836, 778 6, 167.4, 161.1, 145.2, 136.8, 136.1, 135.6, 135.1, 134.1, 133.7, 133.1, 133.0, 132.8, 132.0, 131.9, 131.0, 130.7, 129.8, 128.2, 127.9, 127.1, 116.8, 113.4, 82.7, 81.6, 77.1, 63.1, 56.1, 56.0, 53.4, 41.7, 40.4, 39.8, 36.7, 36.0, 25.9, 23.6, 20.5, 19.9, 18.4, 16.9, 13.2, 12.8, 12.6, 5.4, 5.5 ; IR (film):  = 3296, 2927, 1709, 1696, 1656, 1539, 1458, 1385, 1256, 1101, 963, 839 7, 168.3, 161.1, 145.0, 136.9, 135.6, 135.2, 134.2, 133.8, 133.0, 133.0, 132.8, 132.0, 131.9, 131.0, 130.9, 127.3, 116.8, 113.5, 81.6, 77.2, 63.3, 56.2, 56.1, 53.4, 41.2, 40.4, 39.8, 36.8, 36.0, 34.3, 31.9, 29.8, 27.0, 26.0, 25.6, 23.6, 20.6, 20.6, 19.9, 18.4, 16.7, 13.2, 12.8, -5.4, -5.5 ; IR (film):  = 3300, 2928, 2285, 1706, 1650, 1539, 1463, 1379, 1257, 1098, 990, 965, 911, 837, 814, 778 = 169.8, 167.3, 161.2, 142.3, 139.5, 136.3, 135.5, 135.3, 135.0, 134.1, 133.1, 133.0, 132.7, 131.0, 130.6, 128.4, 126.4, 124.2, 121.9, 116.5, 113.4, 82.9, 81.6, 77.2, 63.1, 56.1, 55.7, 53.4, 47.4, 40.5, 39.9, 39.6, 36.1, 28.4, 27.2, 25.9, 23.6, 19.9, 18.4, 17.0, 16.7, 15.2, 12.8, 12.5, -5.4, -5.5 ; IR (film):  = 3310, 2928, 2858, 1651, 1536, 1463, 1384, 1254, 1101, 990, 910, 837, 779 = 169.8, 167.5, 161.2, 145.1, 136.8, 135.1, 134.1, 133.7, 133.5, 133.2, 132.8, 131.9, 131.9, 131.5, 131.3, 130.9, 127.2, 124.1, 121.9, 116.8, 113.4, 83.1, 77.1, 63.1, 56.0, 53.4, 47.4, 40.4, 39.8, 36.6, 32.5, 29.9, 27.2, 25.9, 20.5, 19.9, 17.2, 15.2, 13.2, 12.6, 5.4, 5.5 ; IR (film):  = 2927, 1651, 1551, 1450, 1385, 1259, 1104, 987, 839 = 169.8, 167.4, 161.1, 145.1, 139.5, 136.8, 136.1, 135.3, 135.2, 135.0, 133.7, 133.1, 132.8, 132.0, 131.9, 130.7, 127.2, 124.3, 121.8, 116.8, 114.3, 83.0, 82.4, 77.1, 63.1, 56.1, 56.0, 47.4, 40.4, 39.9, 36.7, 35.9, 34.1, 29.3, 25.9, 25.2, 20.5, 18.4, 17.0, 15.2, 13.2, 12.8, 12.6, 5.4, 5.5 ; IR (film):  = 2931, 2853, 1651, 1535, 1466, 1387, 1256, 1102, 991, 840 
Ring Closing Alkene Metathesis Reactions
Macrocycle 23. Complex 22 (12.9 mg, 0.0152 mmol, 10 mol%) was added to a solution of ester 21 (110 mg, 0.152 mmol) in toluene (152 mL). The resulting mixture was stirred at 50C for 4 h before the reaction was quenched with ethyl vinyl ether (ca 1 g). After stirring for 30 min at room temperature, the mixture was concentrated and the residue purified by flash chromatography (hexanes/EtOAc, MHz): δ = 168.4, 167.5, 145.6, 137.1, 136.2, 134.6, 134.4, 133.9, 133.8, 133.7, 133.3, 132.5, 132.4, 132.0, 131.2, 131.2, 129.7, 128.8, 125.9, 125.4, 125.3, 123.5, 122.5, 83.1, 79.8, 77.0, 56.4, 55.8, 45.5, 41.0, 40.9, 38.3, 35.2, 23.2, 21.5, 20.8, 16.8, 15.3, 13.1, 12.2, 12.1; IR (film) :  = 2972, 2927, 1773, 1717, 1428, 1387, 1331, 1258, 1216, 1106, 990, 965, 726 Hz, 1H), 6.24 (brd, J = 6.2 Hz, 1H), 6.12 (dd, J = 11.3, 1.5 Hz, 1H), 6.07 (brt, J = 6.2 Hz, 1H), 6.04 (dd, J = 14.8, 10.5 Hz, 1H), 5.96 (dd, J = 15.2, 10.5 Hz, 1H), 5.88 (d, J = 15.5 Hz, 1H), 5.51 (ddd, J = 15.2, 10.4, 4.7 Hz, 1H), 5.47 (dd, J = 15.5, 8.9 Hz, 1H), 5.37 (dd, J = 15.0, 8.4 Hz, 1H), 5.35 (dd, J = 14.7, 9.5 Hz, 1H), 5.17 (dd, J = 10.7, 5.7 Hz, 1H) 
